Abstract Although a woman's menstrual history can have significant implications for health outcomes, few studies have examined menstrual cycle variability in non-western, nonclinically based populations. This study presents menstrual cycle characteristics from Bhutia women living in Gangtok, Sikkim, India. The Bhutia are one of two indigenous populations residing in this small, northeastern state of India. A total of 1067 cycles were recorded by 200 Bhutia women over the course of 12 months. Mean cycle length in this population was similar to reported mean cycle lengths for populations in the U.S (30 days vs. 28 days). Menstrual cycles in this sample were highly variable with most women experiencing more than one short or long menstrual cycle. The frequency of irregular menstrual cycles experienced by individuals also varied significantly by season. A body mass index (BMI) above or below the WHO defined normal range was associated with higher rates of irregular cycles. Leutenizing hormone (LH) and follicle stimulating hormone (FSH) levels were also determined from urine samples collected just before mid-cycle, based on median cycle lengths. Although menstrual cycles in this sample were highly variable, median cycle length was still useful in predicting timing of the pre-ovulatory hormone surges of LH and FSH. Frequency of irregular cycles did impact the successful capture of the LH and FSH peak values.
Introduction
Traditionally, the widespread assumption exists that there is little variability in individual menstrual cycle length through most of a woman's reproductive years. This assumption is based on early work by Treloar et al. (1967) who compiled menstrual cycle information on a large population of U.S.
women. Most information supporting this assumption has been collected from white, western populations in a clinical setting. Very little information has been presented on non-clinical or non-western population variation in menstrual cycle quality and characteristics.
The lack of menstrual cycle information on populations not represented by western or clinically based samples prevents not only the understanding of menstrual cycle variation as human variation but also as a marker of the female ovarian and reproductive cycles. The complex female ovarian cycle is determined by differential production and release of several hormones associated with ovulation and preparation for pregnancy. Direct measures of these hormones are difficult and expensive to collect and assay, especially under field conditions. Therefore we can use menstrual cycle data as a proxy for direct measurement of these hormones.
A normal menstrual cycle can be divided into two phases, the follicular and the luteal phase, with ovulation generally occurring between the two. The follicular phase is characterized by low but steady levels of leutenizing hormone (LH) and follicle stimulating hormone (FSH) released from the pituitary. The gonadotropins act in the gonads to stimulate growth of the follicle (developing egg cell) and stimulate estrogen production by the follicle. Estrogen released by the follicle produces a negative feedback keeping LH/FSH levels steady. A few days before ovulation (around mid-cycle), estrogen production, followed shortly after by LH and FSH, increases dramatically and rapidly, signaling ovulation. The levels of LH and FSH then decline rapidly to their pre-peak levels, usually in about 48 hours (Yen et al., 1999) . The average length of the menstrual cycle in women in the United States is 28 days (Yen et al., 1999; Wood, 1994) but there is much variation within individuals and populations and between populations (Creinin et al., 2004; Vitzthum, 2001; Wood, 1994) .
Although menstrual cycle characteristics cannot be used to determine if ovulation has occurred, cycle length is generally used to estimate timing of ovulation. Based on this estimate, further tests can be conducted to determine if ovulation has occurred, either directly from ultrasound (Li et al., 2001) or indirectly from LH or FSH levels (Li et al., 2001; Miro and Aspinal, 2004) . Understanding variability in menstrual cycle patterns would be helpful in estimating timing of ovulation. Long or irregular cycles have been associated with reduced fecundity (Jensen et al., 1999) , but these studies have only been conducted in western populations. Further, there is little information available on the reliability of this method for estimating timing of ovulation, in western or non-western populations.
Recent interest in variation in female's menstrual cycles has been stimulated by the findings that estrogen may be involved in several health outcomes that were originally thought to be independent of reproductive cycles in women across the lifespan. For example, estrogens have been implicated in the development of breast cancer (Chavez-MacGregor et al., 2005; Hederson et al., 1988) . Menstrual cycles reflect changes in ovarian steroid production. Since estrogen rises steadily throughout the luteal phase and again during the follicular phase and declines at the end of each cycle, number and duration of menstrual cycles can be used to examine a woman's life-time exposure to estrogen (Chavez-MacGregor et al., 2005) . Irregular cycles have also been associated with an increase risk for development of endometrial cancer (Soliman et al., 2005) , non-insulin dependent diabetes mellitus (Solomon et al., 2001; Weiss et al., 1994) , and rheumatoid arthritis (Karlson et al., 2004) .
Age is the best known predictor of irregular menstrual cycles. The menopausal transition is associated with highly irregular cycles (Burger, 1996; Johannes and Crawford, 1999; Metcalf et al., 1981; O'Connor et al., 2001; Santoro, 2004; Weiss, 2001 ). Recent menarche is also associated with highly irregular cycles (Belsey, 1996; Frisch, 2002; Treloar, 1967) . More recent studies focusing on women in peak reproductive years suggests that age at menarche (Clavel-Chapelon et al., 2002) , physical activity levels (Frisch, 2002; Harlow et al., 1991; Loucks et al., 1985; Sternfeld et al., 2002) , and body composition (Castillo-Martinez et al., 2003; Frisch, 2002; Jensen et al., 1999) are associated with menstrual cycle length and irregularity. However, most of these studies have also been conducted in western, clinically based populations. Very little is known about predictors of menstrual cycle irregularity in other populations.
The purpose of this study is to examine menstrual cycle characteristics of a non-white, non-clinical, healthy population in a community-based setting. Variation in cycle characteristics of this sample across four seasons will be described and associations between age and body composition will be examined. In addition, this study will test the usefulness of menstrual cycle data in estimating timing of pre-ovulatory hormone surges of LH and FSH.
Methods

Study population
Sikkim is a small state in eastern India, crosscut by two major ridges of the Himalayas. In 1975 Sikkim, formerly a principality, became the 22nd and smallest state in India. Sikkim consists of four districts covering an area of only 7,299 km 2 . The geography of Sikkim is mountainous ranging from less than 1,000 feet above sea level in the Himalayan foothills of the south to its highest peak, Mount Kanchenjunga, the third highest peak in the world, standing at 28,200 ft (8,598 m). The capital city of Gangtok is located in the East district of the state at an official elevation of 5,000 ft. However, the city is located on the top and both sides of a mountain ridge and elevation varies by several hundred feet.
Sikkim is a highly seasonal state in both temperature and rainfall. Altitude determines the climatic conditions with temperature varying greatly depending on altitude. Sikkim, because of its geographical location is in the direct path of the yearly monsoons, making it one of the wettest states in India. However, areas above 5,000 m receive precipitation only in the form of snow. Humidity is high and constant with an average humidity level above 70% throughout the year, except at extreme altitudes.
Maximum temperatures in Gangtok aremild compared to most other areas in India, but the minimum temperatures are quite cold in winter. Temperatures are highest during the Summer (July, August, September), lowest in the Winter (January, February, March) and moderate in the Spring (April, May, June) and Fall (October, November, December). Rainfall is highest during the monsoons, which begin in June and taper off in August. From November to February, rain is almost nonexistent. Rainfall is moderate in the spring and fall and varies during these seasons, depending on the exact timing of the monsoons.
Fieldwork was carried out from December 2000 to December 2001 as part of a larger longitudinal project examining modernization and health among the populations of Sikkim, India. Women living in Gangtok and the immediately surrounding areas were recruited as participants in this study. Officially, 29,162 people live in the city of Gangtok (Government of India, 2002). However, there are several small villages in close proximity to Gangtok, on the same mountain ridge. For inclusion in this study, all villages on the local taxi line were considered to be part of Gangtok. Most individuals living in the area served by the local taxis, work, purchase their food and most other goods in Gangtok, receive basic utilities (e.g., water, electricity, phone, cable) from the city and are representative of the activities and habits of residents of Gangtok. Initially, 238 women enrolled in the study; 198 women remained enrolled at the end of the study period.
Non-pregnant women between age 25-35 during the study year, who were non-lactating and not currently using contraception were asked to participate. A field team consisting of the author and three local research assistants visited a section of the study area on two days, one work day and one non-working or holiday. The team then went door to door to identify any Bhutia women living in the area. All buildings, both homes and businesses, were visited. Those who agreed were provided a consent form to sign. Consent forms were also read to each participant in Nepali by a native speaker. Recruiting was conducted during January- March, 2001 . Initial interviews were also conducted at this time and appointments were made for a follow-up visit to obtain anthropometric measurements. The study protocol was approved by the Institutional Review Board at the Ohio State University, the government of Sikkim, and the Government of India.
Menstrual cycles
Women participating in this study were asked to document the first and last days of menstrual bleeding in diaries. This information was collected for all women on a seasonal basis and more frequently (a monthly basis) for those women whose complete compliance with the request to keep a menstrual diary was questioned. Information on 1067 cycles was obtained for 200 women from January-December 2001. Cycle length was determined by counting the first day of menstrual bleeding and counting forward to the beginning of the next cycle for every two consecutively recorded cycles. On average, 5.28 cycles were recorded for each participant with a range of 1-12 cycles recorded. Cycles were classified based on criteria presented in Vitzhum (2001). Cycles were classified as short if they were less than 26 days, very short if they were less than 21days; long if the duration of the cycle was longer than 32 days; and, very long if the duration was longer than 35 days. Individuals were considered to have predictable cycles if no more than one cycle was classified as long or short. Cycle magnitude was calculated by subtracting the shortest cycle from the longest cycle
Leutenizing Hormone (LH) and Follicle Stimulating Hormone (FSH)
Leutenizing hormone assays were collected from urine samples collected during the final season of the study (October-December). The mid-menstrual cycle point was determined from the median cycle length for women who had had at least two recent cycles of similar length. For three days before this mid-cycle point, women were asked to collect their entire first morning's urine in sterile, disposable cups provided to them. Urine samples were collected each day and alloquatted into 1 ml units, which were then stored at Ϫ40°C until transport to Calcutta for analysis. Both LH and FSH were assayed from the same urine samples.
LH in urine samples was measured by an immunoenzymatic assay using a commercial kit (Radim, ITALY). Two different anti-LH antibodies were used; one coated on the wells and the other conjugated to horseradish peroxidase (HRP). During the incubation, LH present in samples or standards was bound to both monoclonal antibodies at once by forming a sandwich. The unbound materials was aspirated and washed off. The residual enzyme activity found in wells was proportional to LH concentration in standards and samples. The color took place after the addition of chromogen (tetra methylebenzidine/H 2 O 2 ). The color changed to yellow after the addition of stop solution (1N H 2 SO 4 ) . The optical density (OD) was measured at 450 nm in an ELISA reader. Six standards were used with each batch of samples.
FSH in urine samples was determined by ELISA using a commercial kit (Medicorp, Canada). The primary antibody was against hFSH coated on wells. The kit was based on a solid-phase sandwich ELISA method, using a second antihFSH antibody conjugated to HRP. A blue color developed after the addition of the chromogen. The reaction was stopped by the addition of 0.5 M H 2 SO 4 when the blue color changed into yellow. The OD was measured at 414 nm in an ELISA reader. A series of six standards was used with each batch of samples.
Statistical analysis
All statistical analysis were performed using STATA 8 statistical software (STATA Corporation, College Station, TX) and evaluated at the 0.05 level of significance. Seasonal differences in mean cycle lengths were evaluated using a paired Student's t test. Linear regression was used to evaluate factors associated with individual average cycle length and frequency of irregular cycles. Logistic regression was used to identify predictors of cycle irregularity and successful LH or FSH peak capture. Variables with a non-normal distribution were log transformed as needed.
Results
Selected characteristics of the study sample are presented in Table 1 . Compared with recent data from the Demographic Health Survey (1998) (1999) , these women are taller, heavier and have a higher BMI than the average Indian woman.
Menstrual cycle characteristics
Wide variation in menstrual cycle length was observed both within the population and within individual women. Further, average cycle lengths and cycle characteristics varied significantly (pϽ0.01) by season (Table 2) . Mean cycle lengths were significantly shorter in fall than in any other season and the percent of cycles classified as irregular, short or long was also significantly lower in fall. The mean cycle length in this sample was 30 days, with individual averages ranging from 25-39 days for women with more than one recorded cycle. The majority of women (76.5%) reported at least one cycle classified as irregular; the mean percent of irregular cycles per woman was 37.9%. The distribution of irregular cycle classes is given in Table 3 .
Age, BMI and the menstrual cycle
There were no associations between average cycle length and age or BMI. The percentage of cycles that were classified as irregular was also not associated with age. However, women who were overweight (BMIϾ25) and women who were underweight (BMIϽ18.5) had, on average, a significantly higher percentage (pϽ0.05) of irregular vs. regular cycles when compared with women of normal BMI (18.5-25.0). Mean percentages of cycles classified as irregular by BMI class are given in Table 4 . Individual frequencies of long cycles were significantly higher in women with high or low BMI compared to normal women, but there was no relationship between BMI and the frequency of short cycles within an individual (Table 5) .
Leutenizing hormone (LH) and follicle stimulating hormone (FSH)
Leutenizing hormone (LH) low levels ranged between 0.1 IU/L to 22 IU/L with a mean of 4.0 IU/L. Follicle stimulating hormone (FSH) low levels ranged between 0.2-13.8 IU/L with an average of 2.1 IU/L. LH high levels ranged from 1.1-74.3 IU/L with an average of 24.4 IU/L. FSH low levels ranged from 1.2-67.3 IU with an average of 10.0 IU/L. On average the magnitude of LH high was 20.6 and FSH high was 7.9. The averages for the low and high values of LH and FSH and magnitude of change from low to high levels are given in Table 6 .
Predicting LH/FSH peak
A peak value of LH and FSH was considered captured if the magnitude of difference between the low and high value was at least 6 IU/L for FSH and 20 IU/L based on standard clinical reference values (Greenspan and Gardner, 2004) . Table 7 shows the number and percentage of women for whom peaks were captured. Frequency of irregular cycles was a significant predictor of peak capture for FSH peak (pϭ.025) but not LH peak (pϭ.130). Age, parity, and BMI were not predictors of LH or FSH peak capture. 88 Bhutia Menstrual Cycle Characteristics 
Discussion
In this sample of Bhutia women, the average menstrual cycle length of 30 days was only slightly longer than those reported for western populations (Wood, 1994; Yen et al., 1999 ) and the few non-western populations for which data is available (Vitzthum, 2001 ). This is not surprising since this sample represented a relatively healthy, healthy nutritional status, peak reproductive age population. Variability of cycle length, both within and between populations, was high in this sample. In addition, there was also significant seasonal variability in cycle length. Women experienced significantly fewer irregular menstrual cycles in the fall. Exact reasons for this variation are currently unknown, but are possibly the result of better nutrition and general health in during the summer months. More research is needed to determine predictors of seasonal variation in menstrual cycles in this population.
Although average cycle length was not associated with BMI, both high and low BMI were associated with a higher frequency of irregular cycles. This finding is similar to those in other studies of body composition and menstrual cycle characteristics (Castillo-Martinez et al., 2003; Frisch, 2002; Jensen et al., 1999) and the suggestion that fecundity is reduced with high BMI (Jensen et al., 1999) as well as disorders associated with menstrual irregularities, such as polycystic ovarian syndrome (Catillo-Martinez et al., 2003; van Hoof et al., 2000) . Age was not associated with menstrual cycle length or irregularity, but this was also not surprising because of the limited age range (25-35) of this sample.
Results of urinary hormone assays for FSH and LH from this sample are difficult to compare to other populations due to the high variation among studies in collection and analysis procedures for these hormones. It is also impossible to determine, from the methods in this study, if peak FSH and LH values were missed due to timing of collection or were not present in an individual during that cycle. However, peak values based on U.S. clinical standard levels were observed for over 75% of this sample, suggesting that estimation of midcycle surge from median cycle length is a useful means of determining timing of collection of samples for hormone level determination. Capturing a FSH peak was more likely in women with fewer irregular cycles; lower rates of LH peak capture were most likely the result of the slight time lag in LH peak after FSH peak. However, it should be pointed out that urine collection in this study took place during fall, the season that, retrospectively, was the best time for collection due to the small frequency of irregular cycles experienced by women in this sample.
Conclusions
This study examined and described menstrual cycle characteristics for a young, non-western, non-clincially based sample of women. Both intra-and inter-individual variation in menstrual cycle length were high in this sample. There was also a significant amount of seasonal variation in menstrual cycle irregularity in this sample. While frequency of irregular cycles was the only significant predictor of peak capture in this study, season is probably an important factor for consideration in the timing of data collection if collection occurred throughout the year. Seasonality of menstrual cycle characteristics has not been fully explored in either western or non-western populations, but based on this sample, could be an interesting source of human menstrual cycle variation.
